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Predictors of successful weaning in patients requiring extremely 
prolonged mechanical ventilation
Abstract
Introduction: For patients on prolonged mechanical ventilation (PMV; > 21 days), successful weaning has been attributed to 
various factors. The aim of this study is to determine the usefulness of the rapid shallow breathing index (RSBI) and other potential 
predictors of successful weaning in patients unable to wean and requiring extreme PMV at a hospital-based long-term ventilator 
facility in Israel. 
Material and ethods: Retrospective analysis of prospectively collected data over 5 years. 
Results: A total of 150 subjects on PMV, ready to undergo a weaning process, were included in the study. Of them, 60 (40.0%) 
were males. The mean age of the whole study population was 76.5 years (SD = 13.6; range 22.0–96.0 years). The subjects were 
on MV for a mean period of 170.1 days (SD = 237.6; range 25.0–1624.0 days). Sixty patients (40%) were successfully weaned. 
The mean RSBI in the successfully weaned population was 41.9 breaths/min/L (SD = 12.3; range 13.0–80.4 breaths/min/L), in 
the population where weaning failed, it was 114.8 breaths/min/L (SD = 69.2; range 47.5–450.0 breaths/min/L). By univariate 
logistic regression analysis, younger age (p < 0.007), female gender (p < 0.001), decreased duration of MV (p < 0.023), re-
spiratory rate (p < 0.001) and RSBI (p < 0.001), increased tidal volume/ideal body weight (p < 0.001) and minute ventilation 
(p < 0.01) were found to be factors that significantly predict successful weaning. By multivariate analysis, increased tidal volume/ 
/ideal body weight (p < 0.007) and decreased RSBI (p < 0.046) were found to be independent predictors of successful weaning 
(p < 0.001; R2 Nagelkerke = 0.90).
Conclusions: Factors independently predicting successful weaning in patients requiring extreme PMV included increased tidal 
volume/ideal body weight and decreased RSBI.
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Introduction
The timing of weaning from mechanical 
ventilation should be carefully considered. To 
initiate the process of weaning, patients should 
be able to support their own ventilation and oxy- 
genation, and this facility should be assessed 
continuously. Failed trials of discontinuation of 
mechanical ventilation may precipitate respira-
tory muscle injury, and, ultimately, prolong the 
duration of mechanical ventilation. Moreover, 
failed trials of extubation have been associated 
with prolonged hospital stay and excess hospital 
mortality [1].
One of the best studied and most commonly 
used weaning predictors over the last three de-
cades, is rapid shallow breathing index (RSBI) 
— see Table 1. It is defined as the ratio of respi-
ratory rate to tidal volume (f/VT). It was described 
in a prospective cohort study of mechanically 
ventilated patients which found that a RSBI 
> 105 breaths/min/L was associated with weaning 
failure, while a RSBI < 105 breaths/min/L predict-
ed weaning success with a sensitivity, specificity, 
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positive predictive value and negative predictive 
value of 97%, 64%, 78%, 95%, respectively [2].
Despite relatively low specificity, RSBI is 
appropriate for most medical-surgical intensive 
care patients, but there are no specific and accu-
rate criteria for objective parameters to look for 
when considering withdrawal, that generalize to 
all patients [1].
In recent studies, the predictive power of 
commonly known values of RSBI (< 100 or < 105 
breaths/min/L) and more than 50 other known 
weaning measures (vital capacity, maximal inspi-
ratory pressure, expired volume per minute, tidal 
volume, positive end-expiratory pressure, etc.) 
has been very poor [1]. The discrepancy in results 
between the original study [2] and more recent 
ones may be due to several factors, among them, 
differences in patient population (intensive care 
patients, patients requiring PMV [3–5] pediatric 
[6] or elderly patients [7] etc.), methodology of the 
weaning process, the absence of objective criteria 
to determine the tolerance for a trial of discon-
tinuation or extubation [1], the lack of objective 
criteria to clearly define weaning outcomes [8] and 
variation in definition of PMV [9] — see Table 1.
The prevalence rate of patients meeting the 
definition of PMV (> 21 days) will likely continue 
to increase [8]. The value of classic respiratory 
parameters as weaning predictors in PMV has 
not been demonstrated [1, 10]. Moreover, few 
studies have assessed the efficacy of the RSBI 
in predicting successful weaning in this chronic 
population [4, 5] — see Table 1. Therefore, the 
nontraditional values of RSBI (other than < 100 or 
< 105 breaths/min/L) could be important in deter-
mining the weanability of patients who have been 
mechanically ventilated for prolonged periods of 
time. The aim of this study is to determine the 
usefulness of RSBI and other potential predictors 
of successful weaning in patients requiring ex-
tremely prolonged mechanical ventilation.
Material and methods
This is a retrospective study in a 29-bed 
long-term ventilator facility (LTVF) that is a part 
of a 282-bed Bayit Balev Geriatric and Rehabilita-
tion community teaching Center (managed by the 
Maccabi Health care services group) in Bat Yam. 
This center serves as a tertiary referral center for 
patients in the central region of Israel. The study 
was approved by the Institutional Review Board-
IRB (IRB approval number 14/2013). Since patient 
care was not influenced by this study, the IRB did 
not require informed consent.
Subjects
All study subjects had undergone tracheosto-
my and were ventilator dependent for ≥ 21 consec-
utive days, for > 6 hours per day, before admission 
to our LTVF (during the period between January 
Table 1. Summary of studies with predictive measures of successful weaning by rapid shallow breathing index (RSBI), for 
adults admitted in facilities for long-term care only
Study Adults 
admitted in
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54.2 20.5 > 21 d 146.4† 2,   ≥ 1 d OR
0.99




44.2 11.5 > 21 d ≤ 105 2,   ≥ 2 d #
Dermot Frengley 
et al. 2014 [7]
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(8.1)
43.0 19.4 Median = 39
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(13.5)







Success in weaning process: 1Successful extubation; 2Trial of unassisted breathing followed by extubation; #no association; †of success population; *p < 0.05; ** p 
< 0.001. aOR — (adjusted) odds ratio for the likelihood of being successfully weaned; MV — mechanical ventilation; na — not available; LTVF — long-term ventilator 
facility; LTAC — long-term acute care
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1st, 2012 and December 31st, 2016), consistent with 
the National Association for Medical Direction of 
Respiratory Care’s criteria for PMV [8].
For all of the study subjects before the admis-
sion to our LTVF, at least three previous weaning 
attempts, within at least a week, had failed, they 
were with tracheostomy, hemodynamically sta-
ble, with no need for intensive care, after at least 
30 days of stay in general hospital, consistent 
with the Israeli Ministry of Health definition of 
patients on PMV [11].
All of the subjects were being supported with 
one of the following mechanical ventilators: the 
740 Ventilator System (Covidien Puritan Bennet, 
Galway, Ireland); Vela (CareFusion, Viasys); Ham-
ilton — C1, C2 & Raphael (Hamilton Medical AG, 
Bonaduz / Switzerland). At baseline, one of the 
following modes of ventilator support were em-
ployed: Volume control intermittent mandatory 
ventilation (VC-IMV), 135 subjects; Continuous 
spontaneous  ventilation (CSV) + pressure sup-
port, 10 subjects; Volume control continuous 
mandatory ventilation (VC-CMV), 2 subjects; 
Other modes, 4 subjects.
All the subjects were ready to undergo 
a weaning process based on the following criteria:
1. Stable hemodynamics without the need for va-
soactive or intravenous sedative agents [12–16];
2. Core temperature < 38°C [10, 12, 13, 15, 16];
3. Absence of acute psychiatric and/or acute 
neurological disorders [3];
4. Absence of catabolic state: a) severe decu-
bitus; b) serum albumin > 2.4 g/dL [3]; c) 
hemoglobin > 8 g/dL [3, 10, 13];
5. Adequate gas exchange, due to the fraction 
of inspired oxygen (FiO2) ≤ 0.4 [15, 16] with 
a positive end-expiratory pressure (PEEP) of 
less or equal than 5 cmH2O [15, 17];
6. Adequate serum electrolyte exchange [3];
7. Being conscious and cooperative [12, 13];
8. In case of chronic obstructive pulmonary 
disease (COPD) — during the remission 
phase only;
9. In case of bulbar involvement (multiple scle-
rosis, Guillain-Barre syndrome, post cerebro-
vascular accident-CVA, etc.) — appropriate 
neurological treatment has been given in 
medical centers before admitting to LTVF. 
These patients received multidisciplinary 
treatment (language therapist, physiothera-
pist and occupational therapist) in order to 
care for swallowing problems.
The exclusion criteria were the following:
1. Obstructive sleep apnea, apnea due to im-
paired respiratory drive, apnea due to hyper-
ventilation and anxiety before the weaning 
process;
2. All kinds of hypoventilation before the wean-
ing process (such as due to morbid obesity, 
etc.). In case of successful treating of these 
conditions, the eligible subjects have been 
included in the weaning trail;
3. Abnormal blood gas analysis.
Data collection and measurements
Medical records were retrospectively re-
viewed. Recorded data included demographic and 
clinical features. Pressure support and FiO2 were 
assessed at baseline.
The other pulmonary mechanics measures 
(Table 2) were assessed during spontaneous 
breathing trial. The trial of spontaneous breathing 
has been continued for 20 minutes approximately 
on continuous positive airway pressure mode 
(pressure support 0). During the trial of sponta-
neous breathing tidal volume, respiratory rate and 
minute ventilation have been measured.  
The ideal body weight (IBW) was calculated 
using the Stewart equation, based on patient’s 
height and body mass index [18]. In bed-ridden 
subjects the height was calculated from the value 
of patient’s knee height [19].
Interventions/weaning process
The weaning protocol was a basis for the grad-
ual removal of ventilator support for all subjects:
1. Disconnection of the patient from the ventila-
tor was carried out in the morning while sit-
ting or lying, after essential parameters were 
measured and deep suction was performed;
2. The disconnection was carried out while be-
ing monitored, after saturation, a few breaths 
and hemodynamic measurement;
3. The level of end tidal carbon dioxide (etCO2) 
was monitored by capnography;
4. In cases where etCO2 could not be measured, 
the CO2 level was measured by means of 
a blood test for gasses;
5. Each time, when the patient was disconnect-
ed from the ventilator, the cannula balloon 
was deflated;
6. Supplemental O2 was supplied to keep arte-
rial saturations > 90%;
7. In cases of excessive secretion and ineffective 
coughing, suction was performed as required 
until the patient learnt to cough effectively;
8. If, during the removal of the ventilator, the 
patient was able to maintain hemodynamic 
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stability (> 90 mm Hg systolic blood pressure, 
heart rate < 110 per min) and correct levels 
of etCO2 and saturation, the period of discon-
nection was extended by 1–2 hours every few 
days, according the physician’s judgement 
(avoidance of psychomotor agitation, som-
nolence, nonadherence to treatment regimen, 
and the absence of CO2 accumulation/eleva-
tion). The patient was monitored as described 
above and was closely observed by a nurse;
9. During the weaning process, the subjects re-
ceived adequate pharmacological treatment, 
respiratory physiotherapy, humidified inspi-
ratory gas and appropriate staff attention;
10. In cases where there was a worsening of the 
patient’s condition, the disconnection was 
immediately terminated;
11. Discussion of the status of the weaning pro-
cess and evaluation of the patient’s condition 
was held weekly by a multidisciplinary team 
and the conclusions were entered into the 
patient’s chart;
12. Even after the disconnection was complete, 
the patient remained in the unit for at least a 
week for follow-up before being transferred 
to another department. He was then given 
routine monitoring and was located near the 
nurses’ station for lung monitoring;
Weaning outcome measures
Successful weaning has been defined accord-
ing to the National Association for Medical Direc-
tion of Respiratory Care Consensus Conference 
Table 2. The demographics and clinical features of the patient population (n = 150)
Characteristics Successfully 
weaned (n = 60)
Failed 
weaning (n = 90)
P-value





Gender — males, n [%] 35 (58.3) 25 (27.8) 0.001
Cause of PMV, n [%] 0.002
     Acute lung disease 33 (70.2) 14 (29.8) 0.08
     Chronic lung disease 6 (46.2) 7 (53.8) 0.29
     Neurologic disease 36 (59.0) 25 (41.0) 0.84
     Cardiac disease 15 (68.2) 7 (31.8) 0.40
     Miscellaneous 0 (0.0) 7 (100.0) 0.001
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FiO2 — fraction of inspired oxygen; IBT — ideal body weight; IQR — interquartile range; MV — mechanical ventilation; LTVF — long-term ventilator facility; PMV — 
prolonged mechanical ventilation; RSBI — rapid shallow breathing index; VT — tidal volume
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Guidelines [8]. Subjects were considered weaned 
if they were independent from mechanical venti-
lation for 7 consecutive days. A weaning process 
was defined as the period of 7 days that a patient 
was considered as actively weaning by respiratory 
staff and has been classed as failed because at 
least one of the following criteria:
1. Psychomotor agitation / change in mental 
status [7, 20];
2. New-onset tachypnea (f > 35 breaths/min) 
[4, 15, 17, 21];
3. Oxygen saturation (decrease < 90%, de-
spite supplemental oxygen with FiO2 60%) 
[4, 7, 15];
4. Increasing PetCO2 during capnography or 
increasing PaCO2 in arterial blood more than 
50 mm Hg with clinical signs, sleeplessness 
or CO2 narcosis [22]. Hypercapnia (arterial 
CO2 >50 mm Hg) without symptoms was not 
considered as weaning failure. Hypoventila-
tion during sleep was excluded;
5. Hypotension (decrease of < 90 mm Hg sys-
tolic) [2, 7, 15, 20];
6. Evidence of increasing respiratory effort 
(accessory respiratory muscle involvement, 
diaphoresis, agitation etc.) [2, 4, 7, 12, 13, 
15, 17, 20, 21].
Subjects were considered “not weaned” if 
they required continuous mechanical ventilation, 
were transferred to an acute care facility, or died 
during the study period [16].
Statistical analysis
Data were analyzed using the Statistical Pack-
age for Social Sciences version 20.0 for Windows 
(SPSS, An IBM Company, version 20). Continuous 
data are expressed as median with range/inter-
quartile range (IQR) or mean with Standard De-
viation (SD), while categorical data are expressed 
as frequencies and percentage unless otherwise 
specified. Demographic and clinical character-
istics were compared using the Mann-Whitney 
U test or Chi-square test, as appropriate.
Univariate and multivariate (while con-
trolling for confounding factors) logistic re-
gression analysis with odds ratio (OR) and 95% 
confidence interval (95% CI) was performed 
to determine the factors predictive of success-
ful weaning. A model to predict successful 
weaning was then constructed using these fac-




During the study period, there were 211 sub-
jects in our LTVF. After excluding those not 
eligible for inclusion, 150 subjects were includ-
ed in this study. Out of them, 60 (40.0%) were 
males. The mean age of the study population was 
76.5 years (SD = 13.6; range 22.0–96.0 years). 
The subjects were on MV for a mean period of 
170.1 days (SD = 237.6; range 25.0–1624.0 days; 
IQR 54.0–158.0 days).
Out of the study population, 148 (98.7%) 
were ventilator dependent for 24 hours per 
day and 2 (1.3%) were ventilator dependent for 
12 hours per day. All subjects required oxygen 
therapy.
The causes of PMV [16] were as follows (see 
Table 2):
1. Acute lung disease (n = 47): pneumonia (n = 
16), acute respiratory distress syndrome (n = 
4), aspiration pneumonia (n = 3), pulmonary 
embolism (n = 2), hemothorax (n = 1), lung 
cancer (n = 1);
2. Chronic lung disease — COPD (n = 13);
3. Neurologic disease (n = 61): post CVA (n = 
37), anoxic brain damage (n = 9), traumatic 
intracranial hemorrhage (n = 5), vocal cold 
paresis (n = 2), Guillain-Barre syndrome (n 
= 2), Parkinson disease (n = 2), multiple 
sclerosis (n = 1), muscular dystrophy (n = 1), 
spinal cord injury (n = 1), Creutzfeldt–Jakob 
disease (n = 1);
4. Cardiac disease (n = 22): congestive heart 
failure (n = 20), cardiac arrest (n = 2);
5. Miscellaneous (n = 7): sepsis (n = 6), post-
operative (n = 1).
Out of the study population, 60 (40.0%) 
became ventilator independent, without non-in-
vasive support or temporal ventilation, and 
were discharged. In 30 (50.0%) of these subjects, 
tracheostomy was removed. Only 11 (18.3%) of 
them were oxygen dependent. The remaining 
90 subjects (60.0%) were ventilator dependent. 
Additional patient characteristics, demographics, 
physiological and clinical variables are depicted 
in Table 2.
The subjects were grouped with respect to 
weaning status (successful or failed), and com-
parisons were made. In the successfully weaned 
sub-population, there were more males (p < 
0.001), the subjects were younger (p < 0.02), and 
they were mechanically ventilated for a shorter 
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period of time (p < 0.014). VT/IBW (p < 0.001) and 
minute ventilation (p < 0.001) were all signifi-
cantly higher in the successfully weaned group.
The following were all significantly lower 
in the successfully weaned group: f (p < 0.001), 
pressure support (p < 0.015), RSBI (p < 0.001). 
The mean RSBI in the successfully weaned pop-
ulation was 41.9 breaths/min/L (SD = 12.3; range 
13.0–80.4 breaths/min/L), while in the failed 
weaned population 114.8 breaths/min/L (SD = 
69.2; range 47.5–450.0 breaths/min/L).
No deaths occurred during the study period.
Predictive factors of successful weaning
Univariate logistic regression analysis
The results of univariate logistic regression 
analysis are shown in Table 3. Younger age (p < 
0.007), female gender (p < 0.001), decreased du-
ration of MV (p < 0.023), f (p < 0.001) and RSBI 
(p < 0.001), increased VT/IBW (p < 0.001) and 
minute ventilation (p < 0.001) were found to be 
factors that significantly predict the successful 
weaning.
Multivariate logistic regression analysis
The results of multivariate logistic regression 
analysis are presented in Table 4. Variables with 
significant differences between outcome groups 
were chosen. After controlling for confounding 
factors, increased VT/IBW (p < 0.007) and RSBI (p 
< 0.046) were found to be independent predictors 
of successful weaning (X2 = 164.5; df = 7; p < 
0.001; -2 Log Likelihood = 37.3; R2 Nagelkerke 
= 0.90).
Discussion
The current study focused on the investi-
gation of the efficiency of using predictors of 
successful weaning among patients after PMV. 
This study was one of the few that investigated 
the success of weaning of patients who had been 
ventilated for a very long time (up to nearly 
4.5 years).
The findings of the current study showed 
that low RSBI values and a high VT/IW ratio were 
independent predictive factors of the success of 
weaning among this population of patients. With 
the increase of one unit of RSBI, the chance of 
successful weaning raised by 0.83, in other words, 
decreased. As the VT/IW ratio grew by one unit, 
the chance of successful weaning increased by 
6.42. The predictive model of successful wean-
ing in the current study (as shown in Table 4) 
accounts for 90% of the variance of success in 
weaning from PMV. In other words, the variables 
that were not studied only accounted for 10% of 
the variance of success in weaning from PMV. 
Among the additional advantages of the study is 
the absence of mortality.
As has been found in previous studies [23–
26], including among patients after PMV [27], in 
the current study, a decreased RSBI value has 
been established as an independent predictive 
factor of success in weaning. The OR of RSBI 
as a predictive factor in the current study was 
0.83. This means that it has been found in the 
range of OR of RSBI as an independent predictive 
factor in previous studies: between 0.64 [26] and 
0.99 [16, 23, 24, 27, 28].
In preceding studies, RSBI values lower 
than 50 breaths/min/L were found [13, 17, 20, 
23, 25, 28, 29]. In our paper, the average RSBI 
among patients with successful weaning was 
Table 3. Summary of univariate analysis revealing the pos-
sible factors associated with successful weaning 
from extreme PMV (N = 150)
Characteristics OR 95%CI P–value
Age 0.96 0.94–0.99 0.007
Gender — females vs males 0.28 0.14–0.55 0.001
Duration of MV 0.997 0.995–0.999 0.023
f 0.74 0.67–0.82 0.001
VT/IBW 9.99 4.49–22.22 0.001
Minute ventilation 1.27 1.10–1.48 0.001
Pressure support 0.92 0.84–1.01 0.074
RSBI 0.83 0.77–0.89 0.001
IBW — ideal body weight; MV — mechanical ventilation; PMV — prolonged 
mechanical ventilation; RSBI — rapid shallow breathing index; VT — tidal volume
Table 4. Summary of multivariate analysis revealing the pos-
sible factors associated with successful weaning 
from extreme PMV (N = 150)
Characteristics OR 95%CI P–value
Age 1.01 0.93–1.09 0.89
Gender — females vs males 1.19 0.14–9.81 0.87
Duration of MV 0.99 0.99–1.00 0.23
f 1.02 0.43–2.42 0.97
VT/IBW 6.42 1.67–24.69 0.007
Minute ventilation 0.89 0.27–2.87 0.84
RSBI 0.83 0.69–0.99 0.046
IBW — ideal body weight; MV — mechanical ventilation; PMV — prolonged 
mechanical ventilation; RSBI — rapid shallow breathing index; VT — tidal volume
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41.9 breaths/min/L. This was one of the lowest 
values shown in recently published studies, al-
though among intensive care patients. The possi-
ble explanation for that may lie in the difference 
between the study populations: the patients in 
the acute phase in the intensive care unit (ICU) 
as opposed to chronic patients in the LTVF. 
Until now, no empirical evidence has been 
found of studies investigating the impact of the 
VT/IBW ratio on the success in weaning from 
PMV. That said, the recommended values of the 
VT/IBW ratio in cases of lung-protective mechan-
ical ventilation in patients with severe lung dis-
ease, such as ARDS, was in the range of between 
4 and 8 mL/kg [30]. The average VT/IW ratio in 
the population with successful weaning in the 
current study was within this range. From this it 
can be concluded that there is a need for further 
investigation of predictive factors of success in 
weaning after PMV.
Among the possible explanations for the 
relatively low rate of success in weaning is the 
advanced age of the study population, which 
was one of the oldest when compared to those 
in previous studies [2, 4, 7, 10, 12, 13, 15, 16, 
20, 21]. Only Krieger et al. [7] showed results 
of weaning in an older population, with a mean 
age of 79.6 years. An additional explanation may 
lie in the extremely long period of mechanical 
ventilation that these patients experienced and 
medical comorbidities.
Limitations
Firstly, this was a retrospective analysis of 
patients transferred to a single unit over a 5-year 
period. Secondly, the unit was hospital-based, but 
not community-based. Thirdly, several variables, 
such as chronic comorbidity or functioning level 
before the PMV, were not analyzed in this study. 
Middle-term and/or long-term outcomes, such 
as all-cause mortality, may be more meaningful 
and helpful in providing patients and significant 
others with realistic outcome expectations.
Conclusions
Factors independently predicting successful 
weaning in patients requiring extreme PMV in-
cluded increased tidal volume/ideal body weight 
and decreased RSBI. The weaning process, also 
very prolonged, still falls in the gap between art 
and science. Additional clinical research with 
rigorous selection of subjects and a standard 
weaning protocol, along with long-term outcome 
monitoring after PMV, is needed. The prevalence 
of patients requiring PMV is steadily increasing 
and this demands adequate funding and promo-
tion of this kind of research.
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